The trace heavy metals existing in freshwaters are present in various physico-chemical forms, which include simple hydrated ions, hydroxo complexes, inorganic and organic complexes, and colloidal particles. 1 These physico-chemical forms can effectively change their bioavailabilities and toxicities. For example, chromium(III) is an essential element, whereas chromium(VI) is highly toxic and even carcinogenic. Arsenic(III) is much more toxic than arsenic(V).
Introduction
The trace heavy metals existing in freshwaters are present in various physico-chemical forms, which include simple hydrated ions, hydroxo complexes, inorganic and organic complexes, and colloidal particles. 1 These physico-chemical forms can effectively change their bioavailabilities and toxicities. For example, chromium(III) is an essential element, whereas chromium(VI) is highly toxic and even carcinogenic. Arsenic(III) is much more toxic than arsenic(V). 2, 3 The heavy metal speciation, therefore, arouses substantial interest in water analysis because the geochemical behavior and biological effects of heavy metals depend greatly on their physicochemical forms. The chemical speciation has been a topic of increasing research interest in geochemical, biological and environmental sciences, and waste water treatment processes.
Humic and fulvic acids are also known to interact with various metal ions, hydrated metal oxides, clay minerals and organic compounds. 1 Humic substances, major organic constituents of natural waters, interact strongly with various heavy metals to form humic complexes and affect adsorption-desorption behavior of metals. Physico-chemical forms of metal humic-complexes, however, are complicated because they may exist alone or be adsorbed on other colloidal particles. 4 Up to now, methods such as coprecipitation, 5, 6 sorption on adsorbent resins [7] [8] [9] [10] and separation by ion exchange resins 4, 11, 12 have been used in determining metal ions both free and bound to humic substances present in natural and waste waters. Among these techniques used in trace element determination, adsorption is one of the most widely used. For this purpose, commercially available Amberlite XAD copolymers (XAD-2, -4, -7, -8, and -16) [13] [14] [15] [16] have been widely used as adsorbents suitable for multielement preconcentration from different matrices, because of their purity and good adsorption properties. Amberlite XAD-16 resin is an adsorbent based on polystyrene divinylbenzene-copolymer. It is used in continuous filtration for adsorption of water-soluble substances. XAD-16 has excellent physical resistance, hydraulic characteristics and thermal stability. In addition, it has high porosity, low polarity and the largest surface area (825 m 2 g -1 ) among the XAD series of Amberlite resins. Therefore, it was selected as an adsorbent resin, owing to these high performance characteristics. But it can show little swelling/shrinking upon changing between organic solvent and aqueous media (Rohm and Haas Co.).
In the present work, determinations were carried out of metals bound to humic substances and to suspended particles, and of the free metal ions in water samples taken from different regions of Sultansazlıg ı, a wetland and wildlife refuge. Due to very low metal contents of natural water samples to be analyzed, enrichment procedures are often required. A column filled with Amberlite XAD-16 resin as a preconcentration means was used to determine the metals bound to humic substances and free metal ions. The measurements of the metal concentrations were performed by flame atomic absorption spectrometry (FAAS) and graphite furnace atomic absorption spectrometry (GFAAS).
Experimental

Apparatus
A Hitachi atomic absorption spectrometer (Model Z-8000) equipped with an air-acetylene flame and a Zeeman background corrector was used to determine the metal ions in water samples. The determination of elements Cu, Pb and Ni found in the water samples was performed by FAAS, using an injection method. 17 The measurements of Cr and Cd were carried out using a graphite tube atomizer (Model 180-704, Hitachi). The operating conditions suggested by the manufacturer in the instrument data processor were followed for the determinations 
Chemicals
Analytical reagent grade chemicals and doubly distilled water were used to prepare the solutions. The stock solutions, 1000 µg mL -1 in 1% HNO3, were made from the analytical grade nitrate salt of each element studied. Working standard solutions were prepared by dilution just prior to use. A 3.8-g amount of sodium tetraborate (Na2B4O7·10H2O) was dissolved in some water, then diluted to 1 L (pH 9.18) and used in all experimental studies. As a means of elution 1 mol L -1 HCl in acetone was used. To prepare this solution, a 8.3-mL of conc. HCl (37%, w/w) was taken into a 100-mL volumetric flask and was completed with acetone (Merck).
Resin and column preparation
The Amberlite XAD-16 resin (particle size, 20 -40 mesh; pore size, ca. 10 nm; surface area, 825 m 2 g -1 ; Rohm and Haas Co.) was ground to enlarge the sorption surface and sieved to 60 -80 mesh. It was washed successively with methanol, water, 1 mol L -1 HNO3 in acetone, water, 1 mol L -1 NaOH and water.
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A 400-mg of Amberlite XAD-16 resin suspended in water was slurry-packed into a glass column (10 mm i.d. × 100 mm length, height of the resin ca. 25 mm) fitted with a porous filter of sintered-glass disk and a PTFE-stopcock. 19 Before the use, the column was preconditioned with 5 -10 mL portions of blank solution. After each experiment, the column was rinsed with water and stored by filling with water for the next experiment.
Sampling
The Reedfield of Sultan (Sultansazlıg ı) is located within the frontiers of the province of Kayseri, on the eastern border of the Central Anatolian plateau. It is 70 km away, in the south of Kayseri. It is a closed area surrounded by high mountains on the four sides. It covers an area of 17200 ha and is one of the A-class watery districts included in the International Ramsar Agreement. It contains both salty and fresh water ecosystems and is on the migration route of the birds and serves as home for more than 300 bird species.
The water samples were collected from different regions of Sultansazlıg ı on October 21, 1995 and on March 30, 1996. On these dates, seven and thirty-one (as total thirty-eight) water samples were collected, respectively. The samples were kept in the refrigerator at 4˚C before the analysis. 20 The pH values of the water samples were approximately 7.7.
Speciation of metal ions in lake water
The water samples were filtered through a 0.45-µm membrane filter and then the filtrates taken were passed through the adsorbent column packed with Amberlite XAD-16 resin at a flow rate of 2 -2.5 mL min -1 , and the effluent was reserved for the following analysis. The metals bound to organic substances retained on the resin were eluted with 1 mol L -1 HCl in acetone for the determination by AAS. To determine the free metal ions present in the water, the effluent was passed through a column utilizing sodium tetraborate reagent (pH 9.18). The scheme of the speciation procedure in details is illustrated in Fig. 1 . The method, whose optimum pH (9.18, sodium tetraborate reagent) was determined with model studies (with distilled water), was used in the determination of free metal ions. 21 In these experimental circumstances, recoveries for the Ni, Cu, Pb, Cr and Cd were quantitative (≥ 95%). 21 The speciation procedure was successively applied to other water samples to determine both free metal ions and metals bound to the humic substances.
Suspended particles
The water samples were filtered through a 0.45-µm Nuclepore membrane filter (47 mm diameter) to investigate the metals bound to the suspended particles. The membrane filters, loaded with the suspended particles, were dissolved in concentrated HNO3, centrifuged, evaporated to near dryness and then collected in a volume of 2 mL with 2 mol L -1 HNO3. The measurements were performed by FAAS using an injection method. 17, 18 
Separation of metal-humic complexes from free metal ions
A 250-mL aliquot of the filtrate was passed through the column at a flow rate of 2 -2.5 mL min -1 to adsorb the metals bound to humic substances (i.e., humic and fulvic acids). The effluent was reserved in order to determine the free metal ions. The metals sorbed on the resin were eluted at a flow rate of 1 mL min -1 into a 25-mL beaker with 1 mol L -1 HCl in acetone. The eluate was evaporated to near dryness and the residue was dissolved in 0.7 mL of 2 mol L -1 nitric acid. Cu, Pb and Ni were determined by FAAS using an injection method, 17, 18 while the determinations of Cr and Cd were performed by GFAAS.
Free metal ions
To determine the free metal ions in the effluent, a 0.95-g amount of sodium tetraborate reagent was added to the effluent. This solution was passed through the column filled with Amberlite XAD-16 resin. The trace metals adsorbed on the resin were eluted again with 1 mol L -1 HCl in acetone. After the evaporation of the eluate, the residue was dissolved in 0.7 mL of 2 mol L -1 nitric acid and then free metal ions were analyzed by AAS as stated above (see Fig. 1 ).
Results and Discussion
In order to determine organically bound-and free-metal levels in the water samples from Sultansazlıg ı some preliminary experiments were conducted.
Adsorption behavior of free metal ions on the Amberlite XAD-16 resin
In order to investigate whether the free metal ions were sorbed 1170 ANALYTICAL SCIENCES NOVEMBER 2000, VOL. 16 on the resin or not, the metal ions at known concentrations were added to distilled water (pH 7.0). This solution was passed through a column containing Amberlite XAD-16 resin. The free metals sorbed on the column were eluted with 1 mol L -1 HCl in acetone. The concentrations of the metals in the effluent and the eluate were determined by FAAS. The results are given in Table 1 . As shown in Table 1 , Fe, Zn and Bi elements were adsorbed on the resin to different extents, while the other elements passed into the effluent. The amounts of Fe, Zn, and Bi sorbed on the resin were found to be significant; 15, 10 and 86%, respectively. These elements might probably be adsorbed as hydroxide forms or hydrolyzed. This means that the free metal ions and metal-humic complex forms of these elements can not be separated quantitatively from each other by using the proposed method. Because of this, these metals could not be determined in the real water samples.
Effect of borate on separation of metals in water including humic substances
In order to adjust the pH of the sample to 9.18, an appropriate amount of sodium tetraborate reagent was added to an aliquot of 100-mL of lake water including free metal ions, metal-humic complexes, and humic substances, and then the recovery values (%) determined for the metals studied are as follows: 99 for Cd, 81 for Cr, 80 for Pb, 64 for Cu, 60 for Ni, 42 for Co, and 30% for Mn. These results show that the interaction between sodium tetraborate reagent and the heavy metals was weak or moderate (except for Cd) in the water containing organic substances, and for this reason, the recovery values (%) were not quantitative except for Cd. The recovery value of 99% for Cd indicates that there is a very weak interaction between Cd and humic substances. This result is similar to those by Hiraide et al. 6 For all these reasons which were explained above, it was decided to separate the metals bound to organic substances from the free metal ions in the water samples.
Accuracy of the method and sequential column process
Some preliminary experiments were performed to decide how many times the column procedure would be repeated in order to separate the metals bound to organic substances from the free metal ions quantitatively. For this purpose, to determine the metals bound to the humic substances, an aliquot of 250-mL of water sample filtered (0.45 µm membrane filter) containing a known-concentration of each metal ion (Cu, Pb, Ni, Cr, Cd, Mn, Co) was passed through the column packed with the Amberlite XAD-16 resin. The metals retained on the column were eluted with 1 mol L -1 HCl in acetone. Then to the effluent obtained was added an appropriate amount of sodium tetraborate reagent (pH 9.18) to determine the free metal ions, and this solution was passed through the column. Each eluate was evaporated near to dryness and taken to a volume of 5-mL with 2 mol L -1 HNO3 (the sequential column procedure). The recovery values given in Table 2 were calculated from the concentrations of the bound-and free-metal cations spiked and the concentrations of the bound-and free-metal cations in the water sample. The reasons of the different ratios of the bound to the free Cu(II) and Pb(II) ions in the spiked and non-spiked water samples may include the high metal-loading relative to humic acid levels, the complexation rate between metal ions and humic substances, and experimental difficulties in controlling the equilibrium stage. As can be seen in Table 2 , the recoveries (%) for the elements of Cu, Pb, Ni, Cr and Cd for a sample volume of 250-mL were quantitative, but not for Mn and Co. The recovery value of 27% for Mn may be explained with a negative effect of Ca(II) and Mg(II) ions on the Mn signals. Mn signals decreased when the concentrations of Ca(II) and Mg(II) were higher than 10 µg mL -1 , 21 because the concentrations of Ca(II) and Mg(II) ions in the water samples of Sultansazlıgı were found to be 56 µg mL -1 and 90 µg mL -1 , respectively.
To determine whether the metals bound to humic substances were sorbed completely on the column or not, firstly the successive adsorption-elution cycles were applied twice, i.e., stage 1 and stage 2 (see Table 3 ). At stage 1, an aliquot of 100 mL of water sample containing a known-concentration of each metal ion (Cu, Pb, Ni, Cr, Cd, Mn, Co) was passed through the column for the sorption of metal-humic complexes. After the elution process, the metals bound to organic substances were determined. At stage 2, the procedure just mentioned above was applied again to the effluent. According to the results obtained from stage 1 and stage 2, one can conclude that the Cu (71%), Pb (42%), Ni (35%), and Cr (6%) form metal-complexes with organic substances (e.g., humic and fulvic acids). To the effluent obtained from stage 2 was added an appropriate amount of sodium tetraborate reagent to determine the free metal ions. Then, by passing this solution through the column, the recoveries of the metals were 7, 28, 40, 69, 60, 26, and 42% for Cu, Pb, Ni, Cr, Cd, Mn, and Co, respectively. The results are given comprehensively in Table 3 .
In another experiment carried out to determine whether the metals bound to humic substances were sorbed completely on the column or not, the successive adsorption-elution cycles were performed three times without adding the borate reagent to the lake water sample (i.e., stage 1, stage 2 and stage 3 in Table 3 ). The recoveries (%) found for the metals bound to organic substances are in good agreement with the results mentioned above, that is, 71 for Cu, 36 for Pb, 30 for Ni, and 4% for Cr. As a result of the column procedures with multiple-stages (twice and three times) which were performed to determine if the metals bound to humic substances retained completely on the column or not, the low recoveries (%) obtained may be explained with increasing column procedures that cause loss of elements. In addition, the difference of the proportions between the bound-and free-metal ions given in Tables 2 and 3 may be explained by using the different water samples in the analyses, because the water samples collected from varying locations may contain different concentrations of humic substances. On the other hand, a competition of sorption between humic substances and metal-humic complexes on the resin may be due to the different proportions of the bound-and free-metal ions in the water samples.
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Consequently, it was concluded that the column procedure should be used with two steps, first without sodium tetraborate reagent and second with sodium tetraborate, for the analysis of the water samples (see Fig.1 ). Calculations of recovery (%) were done by taking into consideration the metal contents of the water samples analyzed throughout all the experiments.
Effect of sample volume
The effect of sample volume was investigated on the sorption of the trace metals, taking aliquots of 250 and 500 mL from the water samples (pH 7.0) filtered (0.45 µm) and spiked. When the sequential column procedure was applied to a 250-mL of sample volume, the sorptions of Cu, Cd, Pb, Ni, and Cr were quantitative, but not for Mn and Co. For a 500-mL of water sample, the recoveries were low and in the range of 18 -89%. For this reason, the optimum sample volume for the analysis of water samples was selected to be 250 mL. The results are shown in Table 4 .
Effect of pH
With the water samples from Sultansazlıgı, model studies were made at pH 4.1, 5.1, and 7.0 to determine the effect of pH on the recoveries of Cu, Cd, Mn, Pb, Co, Ni, and Cr. The recoveries were neither quantitative for Mn, Pb, Ni, and Co at pH 4.1 nor for Cu, Mn, Pb, Co, and Ni at pH 5.1. Therefore, the analyses of the water samples were performed at pH 7.0 and the recoveries were quantitative for Cu, Pb, Cd, Ni and Cr at this pH, as is shown in Table 2 . As can be seen in Tables 2 and 5 , free metal concentrations in the lake water samples decrease with increasing pH, because the metal binding abilities are decreased with decreasing pH due to proton binding. In addition, the dissociation of humic complexes is negligible down to pH 5 on the time scale of the separation. These results obtained are in conformity with the literature. 22, 23 Analytical results of water samples Analyses of the water samples collected from Sultansazlıgı during the months of October 1995 and March 1996 were examined according to a procedure; the details of which were mentioned above (see Fig. 1 ). Analysis of each water sample was made in triplicate. The results are given in Table 6 .
As can be seen from Table 6 , when the ratios of bound and free forms of Pb, Ni and Cr are examined for March, 1996, their proportions are very similar, i.e., approximately 1.4. This value means that the bound forms of these elements are higher than the free forms at pH 7. At the same period, the ratio of 0.62 for Cd explains that its free forms are dominant to bound forms, while the ratio for Cu is about 1 and this case implies that the two forms of Cu are approximately equal. In October 1995, the bound to free metal ratios for Ni and Cr show similarity to those 1172 ANALYTICAL SCIENCES NOVEMBER 2000, VOL. 16 Table 3 The sequential column procedure performed by adding tetraborate at the third or at fourth stage of the process (for a 100 mL of the water sample, pH 7)
a. For the determination of bound metals. b. For the determination of free metals with borate reagent in the effluents. c. In the calculation of recoveries, the metal contents of the water samples were taken into consideration. d. The sequential column procedure was applied two times. e. The sequential column procedure was applied three times. 
Cu (5) Cd (2.5)
Pb (20) Co (5) Cr (10) Ni ( of the other season, but Cu, Cd, and Pb show different proportions, i.e., 0.51, 0.36, and 0.56, respectively. Seasonal variation in the proportion of the bound and free metals in the water samples can take place because the influx and precipitation rate of the metals and organic substances can depend upon the seasons. Also, it is well-known that Ni is probably bound to humic acids, as with the adsorption of Pb on inorganic colloids (i.e., Fe-Mn oxides), and the adsorption of Cu on organic and inorganic colloids (i.e., Cu 2+ -humic acid, Feoxide).
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The proposed method, one of the effective preconcentration techniques, is simple and easy with good accuracy and precision. The preconcentration factor of the method is about 360. Therefore, we suggest that it could be used in any laboratory in determining various physico-chemical forms of metals in freshwater samples. In additon, the resin is inert under the working conditions. However, some modifications can be realized on the proposed method such as saturating any undesirable sorption sites of Amberlite XAD-16 resin, determining organic substances in natural waters, analysis of effluents, and combining the method with ion exchange resin. Table 6 The results of analyses of the water samples collected from Sultansazlıǧı for the two seasons (pH 7)
a. The metal levels (in µg L 
